Image-guided thermosensitive liposomes for focused ultrasound drug delivery: Using NIRF-labelled lipids and topotecan to visualise the effects of hyperthermia in tumours.
Image guided drug delivery using imageable thermosensitive liposomes (iTSLs) and high intensity focused ultrasound (FUS or HIFU) has attracted interest as a novel and non-invasive route to targeted delivery of anti-cancer therapeutics. FUS-induced hyperthermia is used as an externally applied "trigger" for the release of a drug cargo from within thermosensitive drug carriers. It is suggested that sub-ablative hyperthermia significantly modifies the permeability of tumour vasculature and enhances nanoparticle uptake. Here we describe the preparation and use of magnetic resonance imaging (MRI) and near infrared fluorescence (NIRF) labelled thermosensitive liposomes for imaging and tracking of biodistribution and drug release in a murine cancer model. We prepared iTSLs to encapsulate topotecan (Hycamtin®), a chemotherapeutic agent which when released in tumours can be monitored by an increase in its intrinsic drug fluorescence. FUS was applied using feedback via subcutaneously placed fine-wire thermocouples to maintain and monitor hyperthermic temperatures. iTSL accumulation was detected within tumours using NIRF imaging immediately after liposome administration. Mild FUS-induced hyperthermia (3 min at 42 °C, 30 min post i.v. administration) greatly enhanced iTSLs uptake. A co-localised enhancement of topotecan fluorescence emission was also observed immediately after application of FUS indicating rapid triggered drug release. The phenomena of increased iTSL accumulation and concomitant topotecan release appeared to be amplified by a second mild hyperthermia treatment applied one hour after the first. MRI in vivo also confirmed enhanced iTSLs uptake due to the FUS treatments. Our imaging results indicate the effects of hyperthermia on the uptake of carriers and drug. FUS-induced hyperthermia combined with real time imaging could be used as a tool for tumour targeted drug delivery.